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(57) Abstract: A low volume dispensing apparatus has a droplet dispensing assembly (5) having a cylinder (51) for containing a 
fluid to be dispensed and having a nozzle (2) at one end. Extending through the other end is a piston (52, 54). A driving device (8) 
is connected to the piston and cylinder to move the piston relatively outwardly or inwardly along the cylinder to draw fluid into the 
cylinder through the nozzle or to provide fluid to the nozzle for dispensing therefrom. An impulse driver (7) connected to the droplet 
dispensing assembly or to the driving device to dispense fluid from the cylinder through the nozzle in a pulsed manner. A sensor 
(102) may be used to sense the position of the dispensing apparatus relative to the individual wells (100) in a sample plate ( 104) into 
which liquid is to be dispensed. 
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dispensing by the impulse driver respectively. The driving device may be connected 
to the supply channel to supply fluid to the cylinder in use. 

A valve may be disposed between the nozzle and the piston, movable between 
a first position in which the supply channel is in communication with that part of the 
cylinder between the valve and the piston and a second position in which the supply 
channel is closed and that part of the cylinder between the valve and the piston is in 
communication with the nozzle. Preferably a fluid reservoir is connected to the supply 
channel. 

The impulse driver may comprise a piezoelectric actuator, a pneumatic 
actuator, a solenoid actuator or the like. 

The driving device may include a screw-thread drive or other step-less drive. 

A seal is preferably provided between the piston and the cylinder. 

The apparatus may include a plurality of droplet dispensing assemblies, 
wherein the cylinders of the dispensing apparatus are connected to a common 
manifold for fluid to be dispensed and the pistons extend through the manifold. The 
manifold may be connected to a supply line which is selectively engageable with the 
manifold. 

According to a further aspect of the invention there is provided a low volume 
dispensing apparatus including 

a droplet dispensing assembly arranged to be moved transversely across a 
sample plate having a plurality of wells or micro-tubes and to dispense droplets of liquid 
into the wells or micro-tubes; 

a sensor positioned adjacent the droplet dispensing assembly and arranged to 
sense the location of the wells or micro-tubes or the dividing walls or the like 
therebetween and to provide a trigger signal indicative thereof; and 

a circuit for actuating dispensing by the droplet dispensing assembly on receipt 

of the trigger signal. 

Examples of devices constructed in accordance with the present invention will 
now be described with reference to the accompanying drawings in which:- 

Figure 1 illustrates, diagrammatically, a first example of adispensing apparatus; 

Figure 2 illustrates stages in the operation of the first example; 

Figure 3 illustrates a second example; 

Figure 4 illustrates a modified version of the second example; 

Figure 5 illustrates another modified version of the second example; 

Figure 6 illustrates a further modified version of the second example; 

Figures 7A and 7B illustrate stages in the operation of the modified example; 
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seat 75 and the piston rod head 55 being accurately controlled by the screw-thread 
drive 8 (Figure 2B). 

To cause the dispensing of a precisely controlled amount liquid from the 
pipetting nozzle 2, the drive rod 73 is moved rapidly upwards between the position 
5 shown in Figure 2B and the position shown in Figure 2C, to drive the piston rod 54 
upwards, until the piston rod head 55 re-engages the seat 75 and in so doing, as will 
be appreciated by referring to Figure 1 , moving the piston 52 upwards and driving liquid 
from the liquid volume 53, through the three way valve 6 and the tube 3 and out of the 
end of the pipetting nozzle 2. The impulse drive piston 72 is then retracted to the start 

1 0 position as is shown in Figure 2D and the screw-thread drive 8 then moves the support 
81 upwards, effectively lowering the piston rod head 55 inside the impulse drive unit 
7, to allow another dispense cycle to be initiated. 

It will be appreciated that a combination of the screw drive 8, which, in effect, 
provides a driving device to control the amount of liquid in the liquid volume 53 by 

15 either drawing it in to the volume 53 from the reservoir 1 or else (if desired) moving it 
back to the reservoir 1 , and by using it to fix the distance of travel of the piston rod 54, 
very accurate control of the amount of liquid dispensed can be achieved. 

Figure 3 illustrates a second example in which liquid to be dispensed is drawn 
directly into a pipetting nozzle or needle 2 by dipping the needle 2 into the liquid. In 

20 this example, the pipetting nozzle 2 has a cylindrical wall 21 which contains, as a close 
fit a piston 22. The piston may carry a piston seal (not shown) or else a seal may be 
provided at the top end (as shown in the figure) of the cylindrical wall 21 , engaging the 
side of a piston rod 23 which is connected to the piston 22. At the opposite end of the 
piston rod 23 a piston rod head 24 is located within an impulse drive unit 7 which is 

25 substantially the same as that shown in Figures 1 and 2 and which operates in a 
substantially identical fashion and which is again carried by a screw-threaded drive 8. 

In a modification of the Figure 3 example, shown in Figure 4, the impulse drive 
unit of Figure 3 is replaced with a impulse drive unit 7 which includes a piezoelectric 
actuator 76 having a head 24 which is connected to the piston rod 23, the actuator 76 

30 being biassed by a coil spring 77 away from the seat 75. Actuation of the piezoelectric 
actuator 76 drives the piston 22 to dispense a droplet as before. The coil spring 77 
maintains the actuator 76 in contact with the piston rod head 24. 

In a further modification of the Figure 4 example, shown in Figure 5, the 
piezoelectric actuator 76 is directly connected to the head 24 of the piston rod 23. 

35 In a further modification of the Figure 3 example, shown in Figure 6, fluid is 

supplied to the pipetting nozzle 2 via a supply conduit 90 connected to a port 91 of the 



-4- 



WO 03/078066 



PCT/GB03/00431 



into the manifold 9 and hence into the pipetting nozzles 2 and thereafter the pistons 22, 
23 are inserted through the tops of the pipetting nozzles 2 by the action of the screw- 
thread drive 8. The impulse drive unit 7 can then be operated as before, in order to 
cause predefined amounts of liquid to be dispensed from the plural pipetting nozzles 
5 either for dispensing of a liquid reagent or for washing purposes as illustrated in Figure 
9B. 

Figure 10 illustrates a still further example, similar to that of Figure 8, but in 
which, instead of impacting the piston 22 within each pipetting nozzle 22 the pipetting 
nozzles are mounted on a carriage 27 which is supported against the bias of a spring 

10 28 within a support 29 and the impulse drive unit 27 plural pistons 72 and cylinders 71 
with associated drive rods 73 which are caused to impact against the carriage 27 to 
cause liquid to be dispensed through the pipetting nozzles 2. 

Figure 1 1 illustrates a further modification of the example shown in Figure 3, in 
which, additionally, an optical (eg infra-red) sensor 102 is used to locate the position 

15 of dividing walls 101, which separate individual wells 100 in a sample plate 104 into 
which liquid is to be dispensed from the pipetting nozzle 2 of the apparatus as the 
nozzle 2 is moved over the wells 1 00, and to provide a trigger signal to a circuit 1 03 to 
actuate the impulse driver 7 to cause a droplet to be dispensed into the adjacent well 
100. This is useful to overcome the tolerances or variations which occur in the size 

20 and spacing of the wells 100 (or micro-tubes) in a typical micro-titre sample plate, by 
sensing the positions of the dividing walls or the like and relating this to the position of 
the nozzle 2 to trigger dispensing into the adjacent well 1 00, rather than relying on the 
spacing between wells being absolutely uniform and advancing the nozzle across the 
sample plate in a series of fixed steps at each of which a droplet is dispensed. 

25 A similar sensor may be used in connection with any of the examples shown 

above. 
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wherein the driving device is connected to the supply channel to supply fluid to the 
cylinder in use. 

8. Apparatus according to any of claims 1 to 7, further including a valve disposed 
between the nozzle and the piston, and movable between a first position in which the 
supply channel is in communication with that part of the cylinder between the valve and 
the piston and a second position in which the supply channel is closed and that part of 
the cylinder between the valve and the piston is in communication with the nozzle. 

9. Apparatus according to claim 6, or to claim 7 or claim 8 when dependent on 
claim 6, further including a fluid reservoir connected to the supply channel. 

10. Apparatus according to any of claims 1 to 9, wherein the impulse driver 
comprises a piezoelectric actuator. 

11. Apparatus according to any of claims 1 to 9, wherein the impulse driver 
comprises a pneumatic actuator. 

12. Apparatus according to any of claims 1 to 9, wherein the impulse driver 
comprises a solenoid actuator. 

13. Apparatus according to any of claims 1 to 12, wherein the driving device 
includes a screw-thread drive. 

14. Apparatus according to any of claims 1 to 1 3, further including a seal between 
the piston and the cylinder. 

15. Apparatus according to any of claims 1 to 14, having a plurality of droplet 
dispensing assemblies, wherein the cylinders of the dispensing apparatus are 
connected to a common manifold for fluid to be dispensed and the pistons extend 
through the manifold. 

1 6. Apparatus according to claim 15, wherein the manifold is connected to a supply 
line. 
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Fig 3 
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Figure 5 



WO 03/078066 



PCT/GB03/00431 



7/11 




CO 



WO 03/078066 PCT/GB03/00431 

9/11 




WO 03/078066 PCT/GB03/00431 

11/11 




Picture 11 





INTERNATIONAL SEARCH REPORT 


Intc ional Application No 

PC./GB 03/00431 


(^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 






Citation of document, with tndication.where appropriate, of the relevant passages 






WO 97 16251 A (TECAN AG) 
9 May 1997 (1997-05-09) 
cited in the application 
the whole document 




1,10-14 


X 


lie e 1 1 o enc A fMCVTD I.ITI UCI M FT Al ^ 
US 0 lit OOb A {.FltltK WiLHtLlM LI IW.) 

5 September 2000 (2000-09-05) 
column 2, line 41 -column 2, line 51 
column 3, line 38 -column 5, line 3 
column 5, line 62 -column 6, line 37 
column /, line 4 -column <>, line / 
column 8, line 48 -column 8, line 57 
figure 1 




1,10-17 


X 


EP 1 093 856 A (TECAN SCHWEIZ AG) 
25 April 2001 (2001-04-25) 

paragraphs '0007! , '0013!-'0017! 

figure 3 




1,10-14 


E 


EP 1 206 966 A (TECAN TRADING AG; 
22 May 2002 (2002-05-22) 
abstract 

the whole document 




1-5, 
10-17 


X 


DE 28 45 638 A (WALZEL PETER DR ING) 
30 April 1980 (1980-04-30) 
page 3, line 1 -page 3, line 20 




1 


X 


US 6 203 759 Bl (MEYER WILHELM ET AL) 

20 March 2001 (2001-03-20) 

column 12, line 38 -column 13, line 13 




1,10-18 


A 


US 5 104 621 A (PF0ST DALE R ET AL) 
14 April 1992 (1992-04-14) 
column 13, line 5 -column 13, line u 
figure 2 

column 5, line 50 -column 6, line 40 
column 10, line 1 -column 13, line 4 




18 


A 


US 5 529 754 A (B0NACINA GUID0 ET AL) 

25 June 1996 (1996-06-25) 

abstract 




18 


A 


DE 199 23 222 A (BI0TUL AG I K) 
7 December 2000 (2000-12-07) 
claims 1,2 
column 1 




18 



Form PCT7JSAV210 (continuation of socond sheol) (July 1992) 



INTERNATIONAL SEARCH REPORT 



lnt ~ " anal Application No 

Pui/uB 03/00431 



Patent document 
cited in search report 



PubGcation 
date 



US 6203759 



Bl 20-03-2001 



Patent family 
member(s) 



US 6521187 Bl 

US 6537817 Bl 

US 2001014477 Al 

US 2001016177 Al 

EP 0810438 A2 

JP 10114394 A 

US 6083762 A 

US 6079283 A 

US 5927547 A 

US 6094966 A 

US 6112605 A 

US 6220075 Bl 

AU 6963798 A 

EP 1007973 A2 

WO 9845205 A2 



Publication 
date 



18-02- 
25-03- 
16-08- 

23- 08- 

03- 12- 
06-05- 

04- 07- 
27-06- 
27-07- 
01-08- 

05- 09- 

24- 04- 
30-10 

14- 06- 

15- 10 



■2003 
2003 
■2001 
•2001 
•1997 
•1998 
•2000 
•2000 
-1999 
-2000 
-2000 
-2001 
-1998 
-2000 
-1998 



US 5104621 



14-04-1992 



US 5529754 



25-06-1996 



US 


5139744 A 


18-08-1992 


US 


5108703 A 


28-04-1992 


EP 


0261202 Al 


30-03-1988 


FI 


875113 A 


19-11-1987 


JP 


8082630 A 


26-03-1996 


JP 


8054401 A 


27-02-1996 


JP 


63502931 T 


27-10-1988 


WO 


8706008 A2 


08-10-1987 


US 


5125748 A 


30-06-1992 


US 


5206568 A 


27-04-1993 


us 


5369566 A 


29-11-1994 


AT 


206212 T 


15-10-2001 


DE 


59509629 Dl 


31-10-2001 


EP 


0681184 Al 


08-11-1995 


ES 


2164116 T3 


16-02-2002 


JP 


2799302 B2 


17-09-1998 


JP 


8043404 A 


16-02-1996 



DE 19923222 A 07-12-2000 DE 19923222 Al 07-12-2000 



fam PCT7ISA/210 (patert tamlyannax) (July 1992) 



